CP violation of the charged lepton sector has not been found yet. τ is a unique charged lepton which can decay into hadrons. In this talk, we argue what kind of new physics can be studied with CP violation of τ lepton decays. We also disucuss how to handle hadronic final state interactions for a prediction of the direct CP violation.
Introduction
CP violation of the lepton sector has not been found yet. CP violation of the neutrino sector will be explored by measuring the asymmetry of the oscillation probabilities: ν µ → ν e andν µ →ν e . The CP violation requires the flavor violation and non-degeneracy of the masses for the charged leptons and neutrinos. Yet another type of CP violation of the lepton sector can be explored using the τ lepton which can be produced abundantly in B factories and Super flavor factories.
First let us summarize the present status of CP and T violation of τ lepton. The experimental bound on CP(T) violation related to τ lepton are derived from measurements of the electric dipole moment (EDM) and CP violation of hadronic τ decays. The EDM of τ lepton is given by the operator ied τ τ σ µν γ 5 τ F µν .
In the non-relativistic limit, using the two component spinor φ, the operator in Eq. (1) is reduced to
with S = σ 2 . The non-zero coefficient d τ implies T violation because the operator is a T odd operator,
The recent experimental bounds on electric dipole moment (edm) of τ leptons are summarized as, 
The second example of CP violation is in τ hadronic decays. There is "known" CP violation of the semileptonic τ decays even within the standard model [1, 2] ,
where in the second line, we assume 
where p and q are the mixing amplitudes of K 0 and
The first limit of CP violation of τ decay is set by CLEO [3] . Assuming the parametrization for the decay τ
where
The bound on the parameter of CP violation is obtained as [3] ,
In the present talk, we give our predictions for the CP violation of τ → Kπν decays in a two Higgs doublet model. The results including the Kη and Kη ′ and the improved form factors are given in [4] .
What kind of CP violation might manifest itself in τ decay ?
We first give an example of the beyond the standard model which gives rise to the CP violation in τ hadronic decays [5, 6, 7] . The direct CP violation of τ decay may appear when there are two or more interfering amplitudes with different weak phases and the strong phases. In τ − → K − πν and its CP conjugate process τ + → K + πν, within the standard model, the charged current interaction leads to the decays as,
In the two Higgs doublet model, the charged Higgs interaction may also generate the amplitude,
where i = e, µ and τ . When the flavor of the neutrino is τ −flavored, the charged Higgs contribution may interfere with the contribution of the standard model. The charged Higgs contributes to the angular momentum L = 0 state (s wave) of the hadronic (K π) system in the hadronic rest frame and the charged current due to W boson interaction contributes to L = 1, 0 state. The strong phase due to the final state interaction for the s wave of K and π is different from the phase shift of the p wave. Moreover, the CP phase of the charged Higgs contribution may be also differerent from the weak phase V us of the standard model contribution. Therefore one may expect the direct CP violation in the interference of the amplitudes of the p wave and the s wave of K and π system. On the flavor of neutrino in Eq. (11), by ignoring the mass term of the neutrino compared with the τ lepton mass, only in the case that the flavor of the neutrino is τ flavored, the interference occurs. For the other flavor case which corresponds to ν e and ν µ , the interference term in the charged current contribution is absent. Therefore, the direct CP violation may not be expected from the flavor changing case in Eq.(11).
CP violation of τ decay, edm and flavor changing neutral current (FCNC).
In Fig.(1) , it is shown how the direct CP violation of τ hadronic decay and edm of the τ lepton is related to each other in the two Higgs doublet model. We also show, in the same model, how the flavor changing interaction in charged current mediated by the charged Higgs boson exchange is related to the flavor changing neutral current (FCNC) mediated by the neutral Higgs boson. Since the charged Higgs boson forms the SU(2) doublet with the neutral Higgs boson, we can expect the CP violation and the flavor changing in Eq.(11) also contributes to the CP violation and flavor changing in the neutral Higgs sector, namely,
where H 0 is a linear combination of the three mass eigenstates of the neutral Higgs bosons. For i = τ , 
CP violation measurement of the unpolarized τ decay
Now we turn to the measurement of the CP violation. The issue has been disucussed in [5] . In order to extract the interference term of L = 0 and L = 1 states of kaon and pion, we must measure the angular distribution. The angular distribution within the standard model is given below, which can be also read off from Eq.(10) of [5] by replacing β in Eq.(29) with θ where cos θ = n τ · n k . Here, n k and n τ are the directions of the kaon and τ lepton in the hadronic rest frame respectively as shown in Fig. (2) , where l(s) is the three momentum of kaon in the hadronic rest frame. √ s is the invariant mass for hadrons. F and F S are the vector and the scalar form factors defined below.
with
From the angular distribution, one can define the forward and the backward asymmetry [8] ,
As we can see from Eq. (15), the forward and backward asymmetry defined at the hadronic rest frame is the difference of the numbers of the events for the kaon scattered into the forward direction and the backward direction with respect to the incoming τ . Note that the asymmetry is proportional to the interference term of the vector and the scalar form factors.
The scalar and vector form factors from the chiral Lagrangian
To predict the forward and the backward asymmetry, we must estimate the form factors. We have used an effective chiral Lagrangian including the vector [9] and the scalar [10] resonances.
where U is the chiral field defined by,
M is the chiral breaking term,
The scalar and the vector fields are given as,
where S 0 is the vaccum expectation value of the scalar and is given as
. We note the kinetic terms of the scalar generate the mixing of the scalar (κ(0 + )) and the vecor mesons (K * (1 − )) because,
We have computed the hadronic form factors relevant for the processes τ → νKπ 0 defined in Eq. (14). The vector form factor is given as,
The scalar form factor is,
. The form factors are computed using the chiral Lagrangian of Eq. (16). The major contribution of the τ → νKπ decay comes from the decay chain of τ → K * ν → νKπ. We also have the contribution from the scalar resonance κ as τ → κν → νKπ. The latter contributes to the scalar form factor. The form factors given in Eq. (21) and Eq. (22) do not include the contribution of the width of the resonances. We have included the width by computing the imaginary part of the self-energy corrections for K * , κ and their mixing. Then for instance, the inverse propagator for K * is modified as,
The form factors including the width of the K * and κ are compared with the prediction of the chiral perturbation theory in Fig. (3) . Using the form factor described above, we have com- puted the double differential rate in Fig. (4) , the angular distribution in Fig. (5) and the hadronic invariant mass spectrum
in Fig. (6) . The branching fraction for τ ∓ → K ∓ π 0 ν is obtained by integrating the hadronic invariant mass spectrum. The theoretical prediction is given by,
where we have changed the scalar meson mass as M κ = 800 ∓ 50. The theoretical prediction of Eq. (24) can be compared with the experimental result from Babar [12] .
One may also use the branching fraction τ ± → K s π ± ν to estimate the τ ± → K ± π 0 ν in the isospin limit,
. The numerical value of Eq.(26) should be compared with the Belle measurement [11] Br(τ → K s πν) = 0.808 ± 0.004 ± 0.026%. In Eq.(26), we assumed
Br(τ + →K 0 π +ν ) = 1 and use the isospin relation Br(τ . We vary the scalar meson mass as Mκ = 750, 800, 850. As for comparison with experimental data, the spectrum for τ ± → Ksπ ± ν has been measured by Belle [11] .
New Physics interaction and source of CP violation
Having explored the various distributions of the decay within the standard model, we turn to CP violation of the two Higgs doublet model. It has been known that the two Higgs doublet model with the condition of the natural flavor conservation, the charged Higgs coupling to the τ lepton and neutrino is real as in the standard charged current interaction. Therefore within the scheme, we may not have the CP phase. Then we relax the condition of natural flavor condition as [4] ,
We allow the charged lepton to acquire mass from two Higgs H 1 and H 2 . One can, in general, take the following parametrizations for Higgs fields,
where the relative phase of the vaccuum expectation value of the two Higgs is denoted by θ CP . In this case, the CP violation occurs in the charged Higgs coupling with τ lepton and neutrino. One can parametrize the coupling [4] ,
L and V R and V L are unitary matices which diagonalize the charged lepton mass matrix. Then one can show that the charged Higgs coupling to τ lepton and neutrino can be complex and CP violating as shown in Fig. 7 . We have introduced the following parametrization, tion can be easily incorporated by replacing the scalar form factor F S as,
for τ ∓ decay. We define the CP violation of the forward and the backward asymmetry,
In Fig.(8 Fig.(9) . We also have changed κ mass and studied how the CP violation depends on the resonance parameter in Fig.(10) .
Summary
• We have presented a realistic calculation of the form factors of the τ decays. We study the vector and scalar form factors including κ(800) and ) of the CP violation of the forward and the backward asymmetry.
K
* . The hadron invariant mass spectrum is obtained.
• We study the forward and backward asymmetry and find the large asymmetry (not CP) ∼ 60% near the threshold region within the standard model using the form factors which we obtain. • Including the new physics contribution from charged Higgs exchange, we have seen that CP violation of the forward and backward asymmetry can be as large as 10%. (M H = 200, r = 2, tan β = 50, γ = π 2 )
• The CP violating source of the charged Higgs coupling is identified as the non-minimal (r = 1, γ = 0) two Higgs doublet model structure.
We have shown the CP violation may originate from the phase of the vaccuum expectation value of Higgs field.
